Identification of high risk individuals will facilitate early diagnosis, reduce overall costs and also improve the current poor survival from lung cancer. The Liverpool Lung Project prospective cohort of 8760 participants aged 45-79 years, recruited between 1998 and 2008, were followed annually through the hospital episode statistics until 31 January 2013. Cox proportional hazards models were used to identify risk predictors of lung cancer incidence. C-statistic was used to assess the discriminatory accuracy of the models. Models were internally validated using bootstrap method.
Introduction
Lung cancer is the leading cause of cancer-related death worldwide with mortality rate exceeding that of prostate, breast and colon cancer combined (1) . It has one of the poorest survival outcomes of any cancer because a vast majority of patients are diagnosed at an advanced stage when surgical resection or other treatment options are less effective (2) . The National Lung Screening Trial (NLST) showed that lung cancer screening with low-dose computed tomography (LDCT) reduced lung cancer mortality by 20% (3) . In practice, the success of any lung cancer screening program will depend on successful identification of individuals at high risk. Risk prediction models have been recognised as a method of identifying individuals at high risk of developing lung cancer (4, 5) . Identification of individuals at high risk will facilitate early diagnosis, reduce overall costs and also improve the current poor survival from lung cancer.
To date, most risk prediction models for lung cancer were developed in case control studies (6) (7) (8) (9) .
Case-control studies are proficient in studying dynamic populations where follow-up is difficult, are usually less expensive and are less time consuming, but may be plagued by biases and cannot study the incidence of a disease (10) (11) (12) (13) . Cohort studies though time consuming and expensive, offer the methodological advantage of direct calculation of incidence rate and can demonstrate the temporal sequence between exposure and outcome (14, 15) .
We previously developed the LLP risk model from the LLP case-control study and validated it in three independent populations (16) . Covariates such as prior history of respiratory diseases and prior diagnosis of malignant diseases have been reported as risk factors for lung cancer (16, 17) . Clinical covariates in the previous case-control model were based on un-validated self-reported questionnaire responses (18) about the care provided to NHS patients who live, or are treated in England (19) . The aim of the current study was to use baseline data from the LLP population-based cohort to develop and validate a risk prediction model for lung cancer incident.
Materials and Methods

Study Population
This study was performed as part of the Liverpool Lung Project. The objectives, methods, rationale, and study design have been described previously (18) . In short, 8760 randomly selected healthy subjects aged 45-79 years were recruited between 1998 and 2008 and followed annually for lung cancer and mortality outcomes through the Office for National Statistics (ONS), public health England (the North West Cancer Intelligence Service), and hospital case-note review until 31 January 2013.
Data Collection and Extraction of Risk Factors
A standardised questionnaire was used to collect self-reported information on demographic and socioeconomic economic characteristics, medical history, family history of cancer, history of tobacco consumption and lifetime occupational history. Information on age, gender, smoking duration, marital status, education level, family history of lung cancer, prior history of other cancers and prior history of non-malignant lung disease such as asthma, chronic obstructive pulmonary disease (COPD), pneumonia, bronchitis, emphysema, tuberculosis and exposure to asbestos was extracted from the questionnaire. Smoking duration was measured in years; ever smoker was defined as someone who had smoked at least 100 cigarettes in their lifetime and a current smoker was defined as a participant who reported smoking within 12 months of the date of the interview. Marital status was reported as single, married, living together, widowed, divorced/separated or other. Education was classified as high school and below and greater than high school and recorded as "yes" or "no". Family history of . Previous history of cancer (except melanoma) was coded as "yes" or "no". Information on prior history of non-malignant lung diseases such as asthma, chronic obstructive pulmonary disease (COPD), pneumonia and tuberculosis were coded "yes" or "no" and diagnosis was corroborated in the HES database prior to their recruitment into the study. Asbestos exposure was determined based on the documentation of participant's employment history in asbestos-related occupation or industry and was coded "yes" or "no". The study protocol was approved by the Liverpool Research Ethic
Committee and all research participants provided written, informed consent in accordance with the Declaration of Helsinki.
Statistical analyses
Descriptive statistics were obtained and compared by using Chi-square test or Fisher's exact test for categorical variables and t-tests for normally distributed variables, between participants who developed lung cancer(n=237) and those who did not (n=8523) at the end of the follow-up period. Cox proportional hazards model was used to develop a multivariable model for lung cancer risk and to compute hazard ratios (HR) and corresponding confidence intervals (CI) after testing the proportional hazards assumption with the un-scaled and scaled Schoenfeld residuals (20) . Follow-up duration was used as the time axis in the model. For participants that developed lung cancer, follow-up time started from baseline visit, till the date of diagnosis of lung cancer. For participants without incident lung cancer, the follow-up duration was counted from the baseline visit till death, withdrawal, loss to follow-up or 31 January 2013. Five percent of the 8760 participants had missing data; we therefore performed complete case analysis because the characteristics of participants with missing data were largely similar to those of participants with complete observed data. Martingale residuals were used to determine the best function of all covariates (21) . The multivariable model was built in two phases. First, all covariates with P≤0.10 in the univariate analyses were considered for inclusion in the multivariable model. Second, backward selection procedure with (P<0.05) was used to choose the covariates in the final multivariable model (22) . Covariates eliminated were re-entered in the final multivariable model with adjustment for the remaining significant covariates to ensure that no omitted covariate significantly reduced the log likelihood chi-square of the model (23). The performance of the multivariable model was quantified by Harrell's concordance (C) statistics which is analogous to the receiver operating characteristics (ROC) curve for binary data with confidence interval estimates using jacknife resampling method (24) . A C-statistic can be interpreted as the probability that the model predicts a higher risk of lung cancer for those who actually developed lung cancer compared with those that did not develop lung cancer over the follow-up time (25) . Model calibration was evaluated using the omnibus Grønnesby-Borgan goodness-of-fit test. Bootstrapping techniques were used for internal validation of the model (26, 27) and bootstrap samples were drawn 200 times with replacement. Regression models were created in each bootstrap sample and tested on the original sample to obtain stable estimates of the optimism of the model, i.e. how much the model performance was expected to decrease when applied in new datasets (28) (29) (30) . All analyses were performed using STATA® version 13.1 (StataCorp LP, College Station, Texas) and SAS® statistical software version 9.3 (SAS Institute, Cary, North Carolina).
Results
Overall, 8760 participants aged 45-79 recruited between 1998 and 2008 were included in this study and 237 participants (2.7%) developed lung cancer during a mean follow-up of 8.7 years. Table 1 depicts the baseline characteristics of the study population stratified by incident lung cancer status.
Lung cancer incidence was higher in older participants, men and also in participants with longer smoking duration, participants with prior history of pneumonia, asthma, tuberculosis, COPD, emphysema and bronchitis. Furthermore, the percentage of lung cancer incidence was higher in participants with; family history of lung cancer and prior diagnosis of malignant tumour.
In univariate analysis, age, male gender, smoking duration, prior diagnosis of pneumonia, asthma, COPD, emphysema, bronchitis, prior diagnosis of malignant tumour and family history of lung cancer were significantly associated with the risk of developing lung cancer. In addition, we also performed analyses that adjusted all potential confounders in Table 1 for smoking duration. There was a significant increase in risk with age both before (HR=1.08, 1.06-1.09) and after adjusting for smoking duration (HR=1.05, 95% CI 1.03-1.07). Male gender was significantly associated with the incidence of as large as that with smoking duration. A significant dose-response effect was also observed for the amount of cigarettes (P<0.001), smoking duration (P<0.001) and smoking pack-years (P<0.001). Table 2 ). Second, the absolute risk of a man aged 67 without a smoking history but with an early onset family history of lung cancer (aged <60 at diagnosis) and a prior diagnosis of cancer is 6%. Third, the absolute risk of a man aged 73 who has smoked for 59 years and also had an early onset (aged <60 at diagnosis) family history of lung cancer is 29%. To date, several risk prediction models have been developed in population-based cohort data with variable discrimination presented as ROC AUC or C-statistic (Table 3) Although the LLPi had a high C-statistic with magnitude comparable to the aforementioned models, its interpretation is not directly comparable with these models because the differences in distributions of covariates can affect performance statistics (38) . However, the LLPi model will be more directly applicable for use in primary care setting because it included readily available, strong and plausible covariates that have been implicated in the aetiology of lung cancer from our own and numerous other case-control and cohort studies.
Previous lung diseases including COPD (emphysema, bronchitis), tuberculosis, pneumonia (39) and asthma (40) have been reported as risk factors for lung cancer. In our study, we also examined the association between COPD, emphysema, bronchitis, pneumonia, tuberculosis and asthma on lung cancer. COPD was the only significant covariate in our final multivariable model. The association between COPD and lung cancer we found in our study was consistent with the result from two earlier meta-analyses (17, 39) . In contrast, emphysema, bronchitis, pneumonia, asthma and tuberculosis were not significantly associated with lung cancer in our final multivariate model. A plausible explanation for this observation is the small numbers of participants with these respiratory conditions in our study compared to the pooled analysis of 16, 17 and 39 studies for asthma, and other respiratory diseases in the aforementioned meta-analysis respectively. In addition, occupational exposure to asbestos was a risk factor for lung cancer in the LLP risk model (8) . However, in this present study, occupational exposure to asbestos was not a risk factor for lung cancer. This observation may be attributed to the fact that only one of the 237 individuals that developed lung cancer was exposed to occupational asbestos. Twenty three participants had missing data on occupational exposure to asbestos and 213 participants that also developed lung cancer were not exposed to asbestos (Table 1) . Thus occupational exposure to asbestos cannot be included in the model because our study population does not have adequate sample of such individuals. Another plausible explanation for this observation is reporting bias and/or misclassification as there is no means of validating the asbestos exposure other than as reported by participant. This is not the case with the medical conditions that may be validated using HES.
Strengths of our study include: its prospective design; the large number of participants; long follow-up period; the population-based setting and that detailed information on the main risk factors (such as smoking and family history of lung cancer) was ascertained by closely supervised trained interviewers, using standardised questionnaires. In addition, information bias was prevented by complete documentation of lung cancer incidence (by the Office for National Statistics (ONS), the North West Cancer Intelligence Service, and hospital case-note review) and comorbidity data that were corroborated using the HES database. Furthermore, unlike in case-control studies, we were able to 
access biomaterials from large prospective cohort studies, most current biomarkers are used mainly for diagnosis, but their value in risk prediction have not been widely explored (41) . We therefore recommend future studies to explore the contribution of genetic polymorphism, methylation and microRNA in combination with clinical and epidemiological factors on lung cancer risk.
In conclusion, we have developed and internally validated the LLPi risk model based on readily available, strong and plausible covariates that have been implicated in the aetiology of lung cancer from our own and numerous other case-control and cohort studies. The application of LLPi risk model in identifying individuals at high risk of developing lung cancer in population-based screening programmes needs further study. Based on the Cox model, the probability of developing lung cancer at an average of 8.7 years of follow-up is defined by the formula: 
